Only recently has medical research begun to understand the importance of taking sex into account, recognizing that symptoms and responses to medical treatment may be very different between males and females. However, the analyses provided by the pharmaceutical industry to regulatory authorities often do not present safety and efficacy data by sex. Novartis has started a gender-medicine project called MetaGeM, which includes nine observational studies sponsored by 
Background
Sex is the property or quality by which organisms are classified as female or male on the basis of their reproductive organs and functions, while gender is expressed in terms of masculinity and femininity. It is how people perceive themselves and how they expect others to behave, and is largely culturally determined. 1 Sex-specific medicine is the study of how diseases differ between men and women in terms of prevention, clinical signs, therapeutic approach, prognosis, and psychological and social impact. It has been a neglected dimension of medicine for a long time. However, clinical data suggest that men and women exhibit differences regarding pharmacology and drug toxicity, as well as the epidemiology and progression of certain diseases, including autoimmune and liver diseases. 2 Males and females differ in their responses to drug treatment, and such differences can be critical in response to therapy. This is the result of physiological differences, such as body weight, surface area, total body water, and extracellular and intracellular water, but also differences in pharmacokinetics and pharmacodynamics (PD). [3] [4] [5] It is known that sex hormones influence drug absorption, distribution, metabolism, PD, and adverse effects. 6 In addition, women experience more adverse events than men, and those adverse events are more serious in women, as suggested by the US Food and Drug Administration (FDA), on the basis of its Adverse Events Reporting System. It has been hypothesized that this may be due to overdosing, differences in pharmacokinetics and PD, the fact that women are more likely to report adverse events than men, or that women take more medications than men. Actually, women use more medicines than men do and suffer more from chronic diseases, but also in general pay more attention to their health and take more care of themselves. 7 Although medicines can have different effects on women and men, women still represent a small percentage in the early phases of trials (22%), which are essential to verify drug dosage, side effects, and safety, and even when women are adequately represented in trials, study results are not presented with a sex-based approach. 8 Traditionally, medical research has mostly been conducted using the male body as the basis for clinical studies. The findings of these studies have often been applied across the sexes, and health care providers have assumed a uniform approach in treating both male and female patients. 8 On the other hand, it is quite evident that the female body is very different and much more complex, considering hormonal changes, menstrual period, and menopause.
More recently, medical research has started to understand the importance of taking sex into account, as symptoms and responses to medical treatment may be very different between males and females. In the mid-1980s in the US, some researchers began to study the impact of sex differences on the way diseases occur, develop, and are treated; a new medical approach was established that related the health and risk of disease with different biology, and also social, cultural, and economic roles determined by "gender". 9 Until that time, the medicine was built on the paradigm of "young, adult, male, white", which conditioned not only the diagnosis and treatment of diseases, but also the testing of new drugs. In 1994, the FDA created the Office of Women's Health (FDA-OWH) to provide leadership and policy direction for the agency regarding specific issues of women's health. Within its first year, the FDA-OWH established a science program, promoting the development of sound policy and regulation for women's health research. In 2000, the World Health Organization included gender-medicine in the Equity Act to highlight equity as a principle to be applied, in order to reach a sex-appropriate care. Since 1998, the EU has also promoted women's participation in research projects, and today there is a sector of European research that has a specific focus on women. 8, [10] [11] [12] The scientific literature is also discussing the importance of taking sex effects into account when assessing the effect of pharmacological treatment. 13 However, in agreement with the main international guidelines, until now the analyses provided by the pharmaceutical industry to regulatory authorities have not often presented safety and efficacy data by sex. On January 31, 2013, the Italian Drug Agency (Agenzia Italiana del Farmaco [AIFA]) invited pharmaceutical companies to process data disaggregated by sex during the submission of regulatory documentation (including the registration dossier), so as to highlight possible differences. 14 The agency believes that this will allow more in-depth knowledge on new treatments, with the aim of offering better and safer drug therapies to all patients. Well before AIFA invitation, Novartis Farma, Italy started the first study specifically focused on gendermedicine, which also took into account the estrogenic status of patients (GENDER ATTENTION study). 
Patients and methods

Patient population
Selected areas of interest in the MetaGeM project and relevant studies are listed in Table 1 , together with the number of evaluable patients (ie, analyzed patients). For each area of interest, one or more statistical analysis will be planned.
The Synergy study prospectively evaluated patients with psoriatic arthritis diagnosed within 8 years from enrolment baseline and treated from at least 3 months with cyclosporine as monotherapy or in combination with one or more systemic drugs. The study objectives were to assess seropositivity for former viral infection and acute viral seropositivity, and efficacy of cyclosporine alone or in combination with other immunosuppressants over 12 months. 17 PSYCHAE was a multicenter observational study, aimed at defining the prevalence and incidence of psychopathological distress in psoriasis patients and at identifying the GENDER ATTENTION was designed with the objective of exploring possible differences in the rate of adverse effects between male and female psoriatic patients treated with cyclosporine. 15, 16 Adverse events were defined as any untoward medical occurrence in a patient or clinical investigation subject administered a pharmaceutical product, and which did not necessarily have to have a causal relationship with this treatment. 20 ICEBERG was a multicenter cross-sectional and longitudinal study of 3 years duration, aimed at assessing the prevalence (cross-sectional phase) and the incidence (longitudinal phase) of liver disease in asymptomatic carriers of the Hepatitis B surface antigen (HBsAg) not undergoing treatment.
Two studies were conducted in transplanted patients: • SURF, consisting of a cross-sectional and a longitudinal phase; evaluated in liver-transplant recipients the proportion of renal impairment at baseline, and at 12 months since baseline, as assessed by estimated glomerular filtration rate ,60 mL/min/1.73 m 2 .
• CETRA, consisting of a cross-sectional and of a longitudinal phase; assessed the prevalence and evolution of gastroenteric symptoms in renal transplant recipients. 21 In the DEEP study, the prevalence of "wearing off " was assessed by the Wearing Off Questionnaire-19 in Parkinson's disease patients without dementia undergoing treatment with levodopa or dopamine agonists for at least 1 year. 22, 23 The EVOLUTION study was conducted in patients with mild-to-moderate Alzheimer's disease treated with cholinesterase inhibitors, with the aim of evaluating their behavioral symptoms by the Manchester and Oxford Universities Scale for the Psychopathological Assessment of Dementia and the Neuropsychiatric Inventory, over at least 9 months. 24 The AXEPT study was also conducted in Alzheimer's patients, with the objective of describing patients' compliance and caregivers' satisfaction with two different formulationsoral versus patch -of cholinesterase inhibitors or memantine in monotherapy. 25 In all the aforementioned studies, the patients were assigned to male and female groups based on information provided by the clinicians who filled in the sex field (choosing between male and female) on the case-report forms. This evaluation was based on routine clinical practice, and no further endocrinological or genetic assessment was performed.
Statistical analysis
A two-step analysis approach will be adopted: 1. A post-hoc subgroup analysis will be performed, in which the groups of male and female patients will be compared. 2. Furthermore, when more than one observational study refers to the same clinical area (ie, CNS, drug safety, and transplantation), data of interest from the different studies will be combined and analyzed according to the meta-analysis methodology. In this context, safety analyses will be also performed on pooled data from the DEEP, EVOLUTION, AXEPT, CETRA, ICEBERG, PSYCHAE, GENDER ATTENTION, and Synergy studies. Meta-analyses refer to methods focused on contrasting and combining results from different studies in the hope of identifying patterns among study results, sources of disagreement among those results, or other interesting relations that may come to light in the context of multiple studies. 26 In order to meta-analyze individual participant data (IPD) appropriately, a model will be applied that directly synthesizes the IPD in a one-step approach while accounting for the clustering of participants within studies. 27 The meta-analysis of IPD is an increasingly popular alternative to traditional methods for meta-analysis, which usually synthesize aggregate studylevel data obtained from study publications or study authors. 28 Meta-analysis of IPD has many potential advantages, both statistically and clinically, over meta-analysis of aggregate data. Aggregate data are often not available, poorly reported, 
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Colombo et al derived and presented differently across studies, and more likely to be reported (and in greater detail) when statistically or clinically significant, amplifying the threat of publication bias and within-study selective reporting.
On the contrary, having IPD facilitates standardization of analyses across studies and direct derivation of the information desired, independently of significance or how it was reported. IPD may also have a longer follow-up time, more participants, and more outcomes than were considered in the original study publication. This means that IPD meta-analyses are potentially more reliable than aggregatedata ones, and the two approaches may lead to different conclusions. [29] [30] [31] [32] However, meta-analysis of IPD is not without disadvantages. In particular, substantial time and costs are usually required to contact study authors, obtain IPD, input and clean the provided data, resolve any data issues through dialogue with the data providers, and generate a consistent data format across studies. IPD meta-analyses usually have the same objectives as the original studies, for which ethical approval should exist. Data analyzed in the MetaGeM project come from studies sponsored by the same company, which have already undergone data cleaning and standard data formatting; ethical approval was already obtained for all studies. Disadvantages of meta-analysis of IPD previously described relate to data availability or ethical concerns, and are therefore overcome in the MetaGeM project.
With regard to MetaGeM, all analyses will be performed by a designated Contract Research Organization (CRO) -MediData Italy. Quantitative variables will be described by mean, standard deviation, median, first and third quartiles, minimum, and maximum, and qualitative ones by absolute and relative frequency. All evaluable patients will be included in the statistical analysis. The patients evaluable for the analyses will be defined according to each statistical analysis plan.
Patients with missing values will not be excluded from the analysis, nor will their data be replaced; frequency of missing data will be given for all analyzed variables. In more detail, descriptive analysis by sex will be performed regarding:
• study-specific disease-related outcomes (eg, disease severity, anamnesis) • primary outcome(s) of the study • therapies: prescribed/administered • standardized scales where applicable • adverse events.
The male and female patient populations will be compared by statistical tests. Comparisons will be performed by Student's t-test, χ 2 test, or Fisher's exact test if appropriate. The accepted level of significance has been set at α=0.05. As post hoc analyses, all P-values presented will be exploratory.
Discussion
It is increasingly accepted that scientific research should increase the female presence in clinical trials in order to be equal and correct, and all the key stakeholders should be involved in this process. 33 The aim is to have a medicine not only illness-focused but also patient-focused: a medicine able to take into consideration all the patient characteristics and so to produce a personalized therapy. 8 The fact that women represent a small percentage of patients in clinical trials can be influenced by several factors, including ethical considerations: women have less time available due to their dual job (mothers and professionals) to fulfill trial requirements (visits, tests, etc), and there is a potential risk of damaging the fetus in fertile women enrolled in a trial. Furthermore, the female body is complex, considering hormonal changes, menstrual periods, the use of birth-control pills, and menopause. For all those reasons, in order to have similar results in a group of men and women, it is necessary to recruit a bigger sample. Last but not least, women's participation in research studies has higher insurance and organizational costs.
An American study has demonstrated that most cardiovascular clinical trials published in the most famous journals have not presented results distinguished by sex, although there was a clear example of this kind of information in trials financed by the National Institutes of Health. 8 Several clinical studies have pointed out the value of sex in predicting drug response, eg, males are more likely to respond to digoxin or to biological disease-modifying rheumatic drugs. [33] [34] [35] Sex-specific medicine is crucial to understand how different therapeutic needs are in men and women, and consequently to define potential different therapeutic approaches between males and females. 36 Clinical research sponsored by Novartis Farma Italy in the last decade has included several large observational studies in important medical areas, such as dermatology, 15, 16, 18, 19 rheumatology, 17 the CNS, [22] [23] [24] [25] and infectious diseases, 37 but none of those studies, except the aforementioned GENDER ATTENTION study, adopted a sex-specific approach in data analysis. Based on the increasing interest in gender-medicine and moved by the great amount of clinical data available through those large national studies, we decided to reanalyze these data from a gender perspective. is a limitation of our project, since it means that some of the therapeutic strategies analyzed may be obsolete. However, due to the great amount of available data, we think that it is worth it to reanalyze this large database anyway, at least to explore preliminarily the sex-specific therapeutic approach and safety data in the considered diseases. From the methodology point of view, we first adopted the post hoc subgroup analysis for different clinical areas: PSYCHAE and GENDER ATTENTION in psoriasis, ICEBERG in infectious diseases, Synergy in active psoriatic arthritis, DEEP, EVOLUTION, and AXEPT in CNS disorders, and SURF and CETRA in liver and kidney transplantation. The subgroup analysis is often chosen by practitioners and regulatory agencies to know whether there are subgroups of trial participants who are more (or less) likely to be helped (or harmed) by the intervention under investigation. Sometimes, this can drive changes in practice guidelines, but meaningful information from subgroup analyses within a randomized trial can be restricted by multiplicity of testing and low statistical power. However, in the case of groups not defined a priori, this kind of analysis provides useful exploratory findings whose validity has to be discussed in the light of current scientific knowledge and findings from similar studies. 38 In order to reconcile the wish to find genuine differences between subgroups while minimizing the risk of accepting false positives, it has to be accepted that the results of subgroup analysis may only generate hypotheses.
A further possibility is to perform a meta-analysis of data from different studies, the method we adopted for the areas in our project where more than an observational study was present: CNS with DEEP, EVOLUTION, and AXEPT, transplantation with SURF and CETRA, and safety analyses on the pooled data of the studies.
In conclusion, with the limitations of retrospective unpredefined analyses and of considering clinical data that is not always up to date, the MetaGeM project may lead to some useful considerations on possible sex differences in a large spectrum of therapeutic approaches, clinical response, or safety of some diseases, in order to design more appropriately, further clinical trials from a sex-specific perspective. The Open Access Journal of Clinical Trials is an international, peerreviewed, open access journal publishing original research, reports, editorials, reviews and commentaries on all aspects of clinical trial design, management, legal, ethical and regulatory issues, case record form design, data collection, quality assurance and data auditing methodologies. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors. 
